The genus Clusia (Clusiaceae) occurs in the neotropical region and comprises around 250 species of semi-epiphytes, vines, shrubs and trees [1, 2] . C. paralicola G. Mariz Cunha is native and endemic to northeastern Brazil, such as in the states of Paraiba, Pernambuco, Bahia and Alagoas, in areas of Caatinga and Atlantic Forest [3] , and is popularly known as pororoca. Previous studies of C. paralicola showed the presence of xanthone, an uncommon prenylated dihydrophenanthrene, paralycoline A [4, 5] and new biphenyls with DNA strand-scission activity [6] .
In the present investigation, fractionation of an extract of the unripe fruits of C. paralicola led to the isolation of compounds 1-6. We report herein the isolation and structure elucidation of biflavonoids 1 and 2. Although a wide variety of compounds, both aromatic and nonaromatic, including biflavonoids of the Garcinia type [4] have been isolated from Clusia species earlier, to our knowledge this is the first report of these biflavonoids from this source. In our continuing search for potent antioxidants from natural sources [7, 8] , we found that the ethanolic extract, the fractions thereof, and compounds 1 and 2 displayed antioxidant activity.
The UV spectra of compounds 1 and 2 were typical of biflavonones with an absorption maximum at 285 nm, followed by a shoulder at 330 nm [9] , and showed an [M+H] + ion at m/z 721 and 705 in its ESI-MS, corresponding to the molecular formula, C 36 H 32 O 16 and C 36 H 32 O 15 , respectively. In addition, the ESI-MS fragments at m/z 559 and 543 for 1 and 2, revealed the loss of glucose in each case. The structure of 1 was deduced from detailed analysis of 1 H and 13 C NMR data aided by 2D NMR experiments ( 1 H-1 H COSY, HSQC, and HMBC) ( Table 1) . Duplication of signals (in a ratio 1:0.6) in the 1 H NMR spectrum of the optically active 1 in DMSO-d 6 suggests the existence of two conformers at room temperature. This observation has been previously reported for the biflavanone GB-1 and could be attributed to the hindered rotation between the flavanone and the flavanonol moieties around the C-3/C-8 axis [10] . For this type of molecules, the existence of rotational isomers at ambient temperature is explained by the strong intra-and intermolecular H-bonding that occurs due to the many OH groups present [11] .
Biflavonoid 1 (Figure 1 ) showed singlets for OH protons, two at low fields at  H 12.12 and 11.66, attributed to the H-bonded OH-(C5) and OH-(C5"), respectively (Table1). The doublets at  H 7.23, 7.18, and 6.68, 6.60 (J=8.5 Hz) could be assigned to the AA'BB' spin system of the para-substituted B rings H-2"'/6''', H-2'/6', H3"'/5"', and H-3'/5', respectively. Two doublets for two protons at  H 5.89 and 5.75 (J=2.0 Hz) were accordingly located at H-6 and H-8, respectively. H-6" exhibited a singlet at  H 6.21. In the same way, the remaining three doublets at  Table 1 ). The glycosidic linkage site of β-D-glucose at C-7 was further verified by the HMBC experiments in which the anomeric proton at  H 4.73 showed a cross peak with the  C C-7 at 168.9. Detailed analyses of the HSQC and HMBC spectra allowed for the assignments of all the 1 H-and 13 C-NMR signals for both the glucosyl and aglycone moieties. The 1 H-and 13 C-NMR data for compound 2 (Figure 1 ) were similar to those of 1, except for the signals at  (Figure 2 ). The observed Cotton effects were similar to those observed for the flavonoids ent-naringeninyl-(I-3α,II-8)-4'-Omethylnaringenin [12] and GB1 [13] . The positive Cotton effect near 330 nm for the np* transition and the negative Cotton effect near 300 nm for the p* transition may be assigned to the lower flavanonol unit. Similarly, the negative Cotton effect (shoulder) near 325 nm for the np* transition and the positive Cotton effect near 280 nm for the p* transition may be assigned to the upper flavanone unit. Application of Gaffield's rule then permits assignment of (2R, 3S) and (2"R, 3"R) absolute configurations for the flavanone and flavanonol moieties, respectively [14] . Therefore, the structure of compound 1 could be established unambiguously as 2R, 3S, 2"R, 3"R-GB1-7"-O--glucoside. The CD spectrum of 2 was similar to biflavanoid 1 (Figure 2 ) and the absolute configuration was established as 2R, 3S, 2"R, 3,8"-binaringenin-7"-O--glucoside. GB1-7"-O--glucoside was reported to exist in Garcinia kola, but no data for structural identification was published previously. Although 3,8"-binaringenin-7"-O--glucoside was earlier isolated from Garcinia multiflora [16] , the 13 C NMR and CD presented here are, to our knowledge, new data. 3,8"-Biflavanoids have been isolated mainly from Garcinia, Rheedia, and Allanblakia species (Clusiaceae), and have recently been isolated from Clusia columnaris [17] . Compounds 3 (epicatechin) [18] , 4 (-sitosterol) [19] , 5 (stigmasterol) [19] , and 6 (-amyrin) [20] were identified by comparison with published spectroscopic data. EtOAc fraction showed activity similar to that of the EtOH extract in all tests. The EtOH extract and fractions showed correlation (Pearson correlation, r, data not shown) with the total phenolic content ( Table 2) .
Experimental
General: Melting points were determined on a Koefler hot stage and are uncorrected. The infrared absorption spectra were recorded in KBr pellets, using a Varian 640 FT-IR spectrophotometer with a PIKE ATR accessory operating in the 4000-400 cm -1 range. The LC-ESI-MS was obtained in positive electrospray mode using an Esquire 3000 Plus (Bruker). Silica gel 60 was used for CC, and silica gel 60 F 254 (E. Merck) for TLC plates. Sephadex ® LH-20 (Sigma) was employed for gel permeation chromatography. 1 H and 13 C NMR spectra were obtained using a Bruker DRX 500 (500 MHz for 1 H and 125 MHz for 13 C) and Bruker DPX300 (300 MHz for 1 H and 75 MHz for 13 C) in DMSO-d 6 . The CD was recorded with a Jasco J-515 CD spectrometer. The optical rotation was determined in a KRUESS OPTRONIC spectrometer. All solvents used were of commercial HPLC grade.
